The trace element and Nd, Sr, and Pb isotopic compositions of extension-related late Cenozoic basalts in southern Nevada were determined in order to constrain models for the tectonic evolution of the subcrustal mantle in the southern Great Basin since 10 Ma. Basalts in southern Nevada between latitudes 36øN and 37øN have low ENd (--8 to --10), high A8/4 (+70 to + 107) and A7/4 (+8 to + 12), high 87Sr/86Sr, and low high field strength element (HFSE) concentrations relative to other Basin and Range The response of the continental mantle to rifting is one tectonic process particularly amenable to study by basalt isotopic data because the rifting process is often accompanied by basaltic volcanism. Perry et al. [1987, 1988] the mantle lithosphere beneath the Rio Grande rift by monitoring shifts in the chemical and isotopic compositions of basalts as rifting progressed. These shifts were interpreted to have resulted from the synrifting replacement of isotopically distinctive lithospheric mantle by upwelling asthenospheric mantle. Based on the results of these studies, it seems likely that basalt isotopic data could be applied toward studying the structure and composition of the subcrustal mantle in other regions of lithospheric extension. In this paper we follow up the studies of Perry and coworkers by combining geochemical data from late Cenozoic basalts in the southern Great Basin with aspects of the geologic evolution of the western United States to study how the lithosphere beneath southern Nevada responded to extensional tectonism during the past 10 Ma.
INTRODUCTION
The structure of the subcontinental mantle is an important parameter in any model describing the tectonic modification of the continental lithosphere. But the structure, as well as the age and composition, of the deep continental lithosphere are inherently difficult to study by direct methods. However, an increasing body of geochemical data now supports the notion that the mantle portions of ancient continental lithosphere can develop unique Sr, Nd, and Pb isotopic signatures relative to oceanic mantle [e.g., Menzies et al., 1983; McDonough et al., 1985; Hart, 1984] . Because continental basaltic magmas are in many cases generated within the mantle lithosphere, such basalts can provide a measure of the isotopic compositions of the lithospheric mantle. As a result, continental basalt isotopic data represent an indirect means to study the chemical and physical nature of the continental mantle.
The basalts chosen for this study are late Tertiary and younger basalts in southern Nevada (Figure 2 ), particularly those basalts in the vicinity of the Nevada Test Site (NTS) for which detailed age and chemical data are available [Vaniman et al., 1982; Crowe, 1986] . The southern Nevada basalts occupy a unique niche in the volcanotectonic evolution of the Basin and Range. As reviewed by Stewart [1980] , Coney [1987] , and Wernike et al. [1987] [Vaniman et al., 1982] . Dashed line outlines the Timber Mountain/Oasis Valley calderas which mark the southern limit of Tertiary silicic volcanism in Nevada [Snyder et al., 1976] . NC, Nye Canyon; SC, Silent Canyon. Numbers correspond to sample localities (Table 2) . [Eaton, 1982] , and isochrons for nonbasaltic magmatism in the southern Basin and Range (in Ma) [Glazner and Supplee, 1982] and northern Great Basin [Stewart, 1980] . Boxed numbers are approximate times of inception of extensional tectonism in each region [Glazner and Bartley, 1984] . [Gans and Miller, 1983] and spread, along with associated silicic volcanism, to the west and south with time ( Figure 3 ) [Armstrong et al., 1969; McKee, 1971; Snyder et al., 1976; Stewart, 1980] . Estimates of the amount of extension vary widely [Zoback et al., 1981] , but values as high as 250% have been proposed [Gans and Miller, 1983] . The younger period of extension (17 Ma to present; Coney [1987] ) affected much of the same region that extended earlier, but magmatism associated with this younger extension has been primarily bimodal in composition [Christiansen and Lipman, 1972; Best and Brimhall, 1974] . In the southern Basin and Range, large-magnitude extension and intermediate composition magmatism also occurred between Oligocene and midMiocene time (35-15 Ma). A synthesis of the available data on the timing of extension and magmatism [Glazner and Bartley, 1984] suggests that both migrated from the southeast to northwest across the Sonoran and Mojave deserts during this time (Figure 3) . In contrast to the northern Great Basin, however, volcanism and extension in the southern Basin and Range seem to have ceased after about 15 Ma, with the exception of the Rio Grande rift region [Coney, 1987] .
The region between 36øN and 37øN in southern Nevada not only began extending much later than other portions of the Basin and Range, but also has experienced much less magmatic activity. As summarized by Eaton [1982] and Wernike et at. [1987] , the corridor between 36øN and 37øN was an "amagmatic zone" throughout the Phanerozoic (Figure 3) , the only magmatism occurring in conjunction with extension since 10 Ma. Wernike et al. [1987] , in fact, have linked the lag in the time of initiation of extension in this corridor to the lack of magmatism, which resulted in lower temperatures and greater tensile strength for lithospheric mantle in this region relative to other portions of the Basin and Range. Both the relatively short period of extension and the lack of Phanerozoic magmatism in southern Nevada and vicinity favor the preservation of preextension continental mantle, a possibility that can be tested through a detailed investigation of the isotopic characteristics of basalts that erupted in this region. Table 2 . Major and trace element data for many these samples are given in Table 1 
RESULTS
The Nd, St, and Pb isotopic data are reported in Tables 3  and 4 As compelling as this model is for basalts in southeastern California, it cannot by itself adequately account for the lack of a transition from lithosphere to asthenosphere sources for the southern DVPR basalts. According to OD (1988), the transition between the two sources lags some 2-3 Ma after the trailing edge of the subducted lithosphere has passed beneath a given region. At the latitude of the NTS, then, the transition should have occurred at about 5 Ma, even allowing for the fact that this region is further inland than the area studied by OD (1988). But even the youngest NTS basalts show no evidence of the involvement of asthenospheric sources.
To account for the persistence of lithosphere-derived basalts in the southern DVPR, we suggest that factors inherent to the lithosphere itself must be considered. As described earlier, the southern DVPR traverses a region that had been amagmatic throughout the Phanerozoic. As a result, the mantle lithosphere may have been relatively cold and difficult to extend [Glazner and Bartley, 1985; Sonder et al., 1987; Kuznir and Park, 1987] . In contrast, the northern Great Basin and east central California were both regions of extensive Mesozoic and/or Tertiary magmatism, and the mantle lithosphere may have been "softened" by preextension, subduction-related magmatism [Wernike et al., 1987] . As a result, the mantle lithosphere may have been easier to extend and to displace by asthenospheric mantle [cf. Olsen et al., 1987; Perry et al., 1988] , as evidenced by the appearance of asthenosphere-derived magmas in both regions as extension proceeded. We suggest therefore that the preservation of mantle lithosphere in southern Nevada was largely controlled by the preextension thermal gradient within the lithosphere itself.
Another factor that might have influenced the spatial and temporal distribution of asthenosphere and lithosphere in southern Nevada is the mode of lithospheric extension. 
CONCLUSIONS
The isotopic and trace element data presented here support the hypothesis that preextension lithospheric mantle currently exists beneath portions of southern Nevada and eastern California. The preservation of the continental mantle appears to be related to the unique Phanerozoic tectonomagmatic history of this region relative to other portions of the Basin and Range, specifically to the relative lack of magmatism and/or heating of the mantle lithosphere during this time. We also agree with previous workers that this lithosphere could have been preserved since the Precambrian. But the isotopic compositions of this lithosphere are distinct from other segments of Proterozoic continental mantle in the western United States, and we suggest that this segment of mantle lithosphere represents the mantle associated with Nd isotopic province 1 continental crust. The preservation of such ancient lithospheric mantle in southern Nevada has implications not only for the Cenozoic tectonic evolution of the southern Great Basin, but also suggests that models for the Mesozoic tectonic evolution of the western United States that involve the whole-scale removal of mantle lithosphere during subduction [Bird, 1988] may need reevaluation.
